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学位論文題目:  
Evolution of Neural Networks for Robot Navigation Using Rat’s 
Brain Signals 
 
Due to the continuous modernization of the human life, robotics' applications to assist humans in 
their everyday life is becoming a necessity. Even though enormous progress has been made in 
mobile robotics, the developed robots face several challenging tasks while operating in dynamic 
complex environments, such as localization, decision making, and navigation. 
In this thesis, I am inspired by the biological processes, especially by the rodent’s cognitive 
behavior and the easy way they localize them self and navigate in complex spaces. Therefore, by 
understanding the biological navigation systems, extracting core information on how these organ-
isms can localize themselves and determine the appropriate moving direction toward the reward 
locations, my goal is to develop a biologically based navigation algorithm in order to enhance the 
mobile robot’s abilities. 
This thesis presents a novel method for accurate prediction of robot’s decision making, 
based on rat’s brain activity. Decision making is one of the most important cognitive processes 
during navigation, which requires integration of many neural activities across different brain re-
gions. This work is a significant step toward a fully biologically based and autonomous robot nav-
igation. 
Firstly, the rat’s cognitive behavior (navigation strategies) are analyzed while navigating 
in a novel multiple Y-maze. The behavior results suggest that rats might use different navigation 
strategies to solve the Y-maze tasks: one based on the distal visual information, and the other on 
the local or internal information. This is consistent with many other studies so far, which have 
demonstrated that hippocampus (HPC) plays an important role in processing and/or storing spatial 
memory using distal cues, while the striatum (STR) is involved in selecting the sequence of actions 
based on the internal and local cues. HPC and STR have been intensively investigated in rodents, 
for the relation with spatial navigation, and are considered to be functionally related. This research 
analyzes the relationship between the oscillations activity in these brain regions and the rat’s de-
cision making during navigation. 
The method used in this thesis is based on local field potentials, recorded from rat’s brain 
while they perform a goal-oriented task. Local Field Potentials (LFPs) are high-quality signals, 
generated by neuronal ensembles and contain information about the underlying cellular activity. 
After pre-processing and analyzing the recorded LFPs, specific brain oscillations and detectable 
differences throughout each experiment session are observed around every Y-junction of the maze, 
giving a clue of the rat’s decision making process. Based on these characteristics, a signal pro-
cessing analysis and feature extraction process have been conducted at the intervals of interest. 
The obtained features are used as input to the neural network (NN), which is trained to predict the 
rat’s decision making. In this method, a genetic algorithm (GA) is employed to evolve the param-
eters of the NN. In addition, system’s parameters like the most significant features selection and 
features extraction window length are tuned by using evolutionary computations, since these pa-
rameters have a significant effect on the system performance. The evolved NN predicts rat’s mov-
ing direction in the decision points with a high accuracy. 
The results acquired from the evolutionary computations suggest that the rat hippocampal 
navigation system may interact in a cooperative manner with the striatal navigation system, to 
generate accurate spatial cognitive behavior in complex environments. 
Finally, as accuracy and reliability in navigation are essential in all robot applications, the 
evolved neural network is also used to control a real mobile robot in a goal-oriented navigation 
task, in a similar Y-maze used for rats. The results show that the robot completes the task success-
fully. The mobile robot learns to integrate the internal states as well as the external sensors in order 
to accurately localize itself and perform a reliable navigation in a complex environment. 
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１． 学位申請者：Endri Rama 
 
 
２． 論文題目：Evolution of Neural Networks for Robot Navigation Using Rat’s Brain 
Signals (ロボットナビゲーションのためのラットの脳信号を用いた進化型ニューラ
ルネットワーク) 
 
３． 審査結果要旨： 
当学位論文審査委員会は，標記の博士学位申請論文を詳細に査読し，また論文発表
会を平成 30 年 1 月 22 日(月)に公開で催し，詳細な質疑とともに論文の審査を行った。 
近年，日常生活において人間を支援するロボットが期待されており，このようなロ
ボットには複雑な環境で移動するためのナビゲーションシステムが必要となっている。
申請論文では，げっ歯類の位置認識及び認知行動に基づいた生物学的プロセスによる
移動ロボットのナビゲーションのためのニューラルネットワーク（NN）を構築してい
る。この NN は Y 字型迷路において目標タスクを実行している間のラットの脳から得
られる信号から分岐点でのラットの移動方向を推定するものである。さらに，NN のパ
ラメータの調整に遺伝的アルゴリズムを用いることでラットの移動方向を高い精度で
推定する技術を確立している。そして，ラットの学習に使用された Y 字型迷路におい
て，ラットの脳から得られた信号から移動ロボットを目標位置にナビゲーションする
ことを達成している。なお申請論文の研究成果は２編の英文原著論文として国際学術
専門誌に掲載され，関連する国際会議において発表されている。 
当審査委員会は，研究内容及び研究成果を慎重に吟味した結果，審査論文は，ロボ
ティクス，脳科学，人工知能の諸分野において学術的価値のある知見を与えていると
判断し，博士（工学）の学位を授与するに十分値するものと認め，合格と判断した。 
 
